Comparative studies on the detection of bovine serum immunoglobulin G antibodies to bluetongue virus with an enzyme-linked immunosorbent assay, an immunodiffusion method, and a serum neutralization assay demonstrated complete concordance between the enzyme-linked immunosorbent assay and the serum neutralization assay results. However, the immunodiffusion method failed to detect bluetongue virus antibody in a substantial number of sera found to possess bluetongue virus immunoglobulin G with the enzyme-linked immunosorbent assay.
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Bluetongue virus (BTV) is an arthropod-borne orbivirus (2, 10, 11) . The virus is widely distributed and is responsible for a number of disease syndromes of ruminants (1, 3, 7) . Infection with BTV is most often monitored by detection of BTV antibodies in serum. Recently, we adapted the enzyme-linked immunosorbent assay (ELISA) system to the detection of anti-BTV immunoglobulin G (IgG) in sheep serum (9) . Our findings have been confirmed in a study which also reported the detection of antiviral IgG in two bovine sera (5) . In the present paper, we describe studies on the ELISA for the detection of anti-BTV IgG in bovine serum and compare ELISA results with those obtained with immunodiffusion and serum neutralization assays.
The preparation of the BTV antigen for the ELISA was modified from that previously reported (9) . Preliminary studies indicated that a higher degree of antigen purity was required for ELISA detection of BTV antibody in the cattle serum than was necessary for sheep serum. Briefly, the preparation of the BTV (8) . Antigen was stored at 4°C.
The purity of the antigen preparation was assessed by negative-stain electron microscopy. BTV particles appeared to be free of contaminants (Fig. 1) . The morphology of the particles, a diffuse outer capsid layer surrounding a lessdistinct core, is consistent with previous reports (4, 10) .
Bovine sera were obtained from cattle grazing in the foothills of the Sierra Nevada Mountains and from cattle which had been experimentally infected with BTV serotype 10 or 11. In addition, sera obtained from 30 cattle from Switzerland (a BTV-free country) were used as negative controls. These cattle were maintained at the Veterinary Institute, University of Zurich, Switzerland. The ELISA procedure used was as follows. A Gilford EIA-50 (Gilford Instrument Laboratories, Inc., Oberlin, Ohio) was used. BTV antigen was diluted in 0.1 M NaHCO3, pH 9 One goal of the present study was to determine the correlation between the anti-BTV IgG content and ELISA absorbance. A series of assays was performed by using serial twofold dilutions of 12 bovine sera. The result (Fig. 2 sera. However, 15 AGP-seronegative samples were found to yield absorbance values higher than the 0.3 absorbance ELISA negative cutoff value (Table 1 ). In contrast, no ELISA-seronegative samples were found to be AGP seropositive. The correlation between ELISA absorbance values and AGP test results for the 126 serum samples is shown in Fig. 3 . An increase in ELISA absorbance values with AGP band intensity was clearly apparent. The variation in absorbance values within a given AGP group is as expected, since ELISA absorbance values are a quantitative measure of anti-BTV IgG concentration. Since the results of these studies demonstrated that the ELISA did not perfectly correlate with the AGP test and indicated that AGP could yield false negatives and that the ELISA was the more sensitive of the two methods, it was of interest to examine the correlation between the ELISA and serum neutralization. The correlation between ELISA and serum neutralization was determined by performing the serum neutralization assays on 30 selected sera which at a dilution of 1: 100 had yielded negative or positive ELISA absorbance values. When the results of the two tests were compared, there was complete correlation (Fig. 4) . Serum samples in which no neutralizing antibody could be detected had ELISA absorbance values that were less than the BTV ELISA negative cutoff value of 0.3 absorbance units. As neutralization titers increased, ELISA absorbance values increased as well. Two of the samples tested which were AGP negative but ELISA positive had a serum neutralization titer of 100.
For the present study, we established optimal conditions for an ELISA system for the measurement of bovine IgG to BTV. Our results on 126 cattle sera support and extend the previous report on the detection of BTV antibody in bovine sera (5) . Clearly, the ELISA is demonstrated to be a sensitive and reliable method for the detection of BTV IgG in cattle. In addition, we found concordance between the results obtained with the ELISA and serum neutralization over a wide range of dilutions. We reported in a previous paper that the BTV-ELISA did not allow a distinction to be made between BTV serotypes 10, 11, 13, and 17, but rather that BTV antibody reacted with BTV antigen common to all four serotypes (9) . A similar finding was reported when serotypes 1, 4, 10, and 20 were compared (5). A preliminary study in which BTV serotypes 10 and 11 were used as antigen demonstrated that BTV antibody in cattle sera showed heterotypic reactivity when assayed by ELISA (data not shown). These results, together with those previously reported (5, 7) , indicate that the ELISA method, using any serotype as antigen, will most likely detect serum antibody to any of the 20 internationally recognized BTV serotypes.
The development of the ELISA for BTV makes it feasible to readily quantitate the immune status of infected animals. We are presently using the ELISA for quantitation of the kinetics of the humoral antibody response to BTV infection.
